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ABSTRACT 


Four  topics  in  wind  analysis  are  briefly  discussed.  Research 
endeavors  to  treat  the  vertical  variation  of  the  wind  profile  as  an 
entity  considering  simultaneous  occurrences  of  the  wind  vector  are 
described.  This  new  approach,  the  so-called  characteristics  method, 
exhibits  advantages  over  other  methods. 

Profiles  with  maximum  speed  values  in  the  frequency  distribution 
of  height  levels  are  analyzed  and  two  major  types  are  discussed. 

Preliminary  results  of  the  investigation  of  the  wind  shear 
parameters  as  a  function  of  the  scale  of  distance  delineate  the 
deficiency  of  deriving  shear  parameters  from  smooth  radiosonde  records. 

The  final  topic  deals  with  the  analysis  of  the  turbulence  param¬ 
eters,  and  the  separation  of  the  wind  profile  from  missile  flight 
recordings  into  stationary  and  nonstationary  parts. 
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I.  INTRODUCTION 

The  general  effects  of  atmospheric  elements  upon  missile  flight 
have  been  extensively  reviewed  by  Reisig  who  pointed  out  the  possible 
effects  of  the  wind  upon  the  missile  and  on  ballistic  accuracy.  This 
study  will  be  published  as  an  Army  Missile  Command  report  entitled 
"Significance  of  Atmospheric  Ballistics  in  Missile  Technology."  It  is 
the  purpose  here  to  concentrate  the  discussion  on  the  analysis  of  the 
wind  factor.  The  analysis  will  serve  to  supplement  and  Interpret 
compilations  of  wind  data  such  as  given  in  the  Climatological  Ringbook 
(Reference  1)  or  other  publications  (References  2,  3,  and  4). 

The  four  major  topics  presented  in  this  field  of  analysis  are; 

(1)  the  vertical  profile,  (2)  the  profiles  with  maximum  wind  speeds, 
(3)  the  wind  shear,  and  (4)  the  turbulence  parameters. 

II.  ANALYSIS  OF  WIND  PARAMETERS 

A.  The  Vertical  Profile 


History.  In  recent  years  several  tabulations  of  wind  data 
have  been  published  with  emphasis  on  synthetic  tabulations  (Reference  5), 
statistical  parameters  (Reference  6)  or  frequency  distributions  at 
selected  levels  (Reference  1) .  The  wind  profile  is  generally  composed 
from  those  tabulations  prepared  for  predetermined  altitude  levels.  This 
composition  disregards  simultaneous  occurrences  in  the  vertical  direc¬ 
tion.  The  vertical  relationship  is  usually  restored  by  considering  the 
correlation  coefficients.  The  limitations  of  this  method  were  discussed 
in  Reference  7  and  necessitated  a  new  approach. 

As  a  first  step,  mean  profiles  classified  by  weather  situations  were 
computed  for  Washington,  D.  C.  as  a  pilot  station  (Reference  8).  The 
local  weather  situation  was  simply  classified  by  the  stream  flow  in  the 
upper  air.  At  one  level,  e.g.  1500  meters,  16  points  of  the  compass 
served  as  the  main  grouping  which  included  three  subgroups:  veering, 
backing,  or  constancy  from  the  lower  level  towards  a  higher  one,  e.g. 

3000  meters.  Thus  the  16  profiles  of  Figures  1  and  2  illustrate  the 
results  for  Washington,  D.  C.  of  mean  direction  (Figure  1)  and  speed 
(Figure  2)  when  the  stream  flow  between  1500  and  3000  meters  remains 
constant  in  the  summer  season.  Figures  1  and  2  show  a  definite  differ¬ 
ence  in  the  profiles  for  the  various  types  of  weather  situations. 

The  statistical  significance  of  the  various  profile  types  depends 
on  the  sample  s:  It  is  reasonable,  that  the  statistical  significance 

between  neighbor x  g  weather  situations  such  as  Group  3  (east -northeasterly 
flow)  and  Group  4  (easterly  flow)  is  small  because  of  the  scarcity  of 
data.  However,  the  significance  of  the  difference  between  Group  4 
(easterly  flow)  and  Group  12  (westerly  flow)  can  be  established. 

Figures  1  and  2  demonstrate  that  typical  profiles  may  exist. 

Although  the  profiles  represent  mean  values  composed  of  computations  by 
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levels »  the  seperatlon  into  veather  situations  partially  takes  into 
account  the  vertical  relation  by  reducing  the  variance  and  thereby 
decreasing  the  departure  from  the  average  condition  in  the  individual 
case. 


2.  New  Method  of  Approach.  The  presentation  of  mean  profiles 
by  weather  situations  was  only  a  first  step.  A  discussion  of  mathe¬ 
matical  analysis  of  the  individual  wind  profile  is  given  below. 

Figure  3  illustrates  an  average  wind  profile  (direction  and  speed) 
as  a  function  of  altitude  for  1  March  1956  at  Washington,  D.  C.  (Silver 
Hill).  Details  of  the  classification  process  are  discussed  by  the 
present  author  in  a  separate  study  entitled  "On  the  Mathematical 
Characteristics  of  Individual  Wind  Profiles"  which  will  be  published  as 
an  MC  report.  It  is  shown  in  this  report  that  a  system  of  polynomial 
terms  for  the  direction  and  the  Fourier  Series  for  the  speed  can  ade¬ 
quately  characterize  the  profiles  by  a  few  terms.  Figure  3,  therefore, 
exemplifies  the  observed  and  analytical  profile  for  one  case.  It  is 
further  shown  in  the  report  mentioned  above,  that  the  coefficients  are 
not  independent.  Figure  4  displays  the  polynomial  coefficients  Ao>  Ag 
through  Ae  by  three  groups  of  the  linear  coefficient  Ai.  Although 
the  frequency  distribution  overlaps,  three  groups  can  be  distinguished 
easily,  and  from  these,  three  main  types  can  be  derived.  Hodographs  of 
the  three  main  types  are  presented  in  Figure  5.  The  hodograph  connects 
the  mean  wind  vector  points  from  level  to  level.  The  wind  vector  at 
a  certain  level  is  obtained  by  connecting  the  level  point  with  the 
origin.  The  Type  A  with  Ax  ^  4.0  displays  backing  of  the  wind  with 
height  and  Type  C  with  4.0  <  Ax  indicates  veering  with  height.  Both 
types  occur  mainly  during  the  summer  months  with  veering  occurring  three 
times  as  frequently  as  backing. 

The  Type  B  with  Ax  between  plus  and  minus  3.9  represents  the  winter 
type  with  little  change  of  direction  with  heiftht.  The  wind  speed  merely 
increases  up  to  the  Jet  stream  layer  and  then  decreases  towards  20  km 
with  slight  increase  above  that  height. 

The  grouping  into  three  major  types  reveals  no  new  principles  and 
serves  as  a  first  survey  only.  It  indicates,  however,  that  the  classifi¬ 
cation  is  based  on  a  sound  climatological  background. 

3.  One  Example  of  Application.  The  derived  coefficients  can 
serve  as  the  initial  material  for  making  further  investigations.  One 
example  of  an  application  is  presented  in  this  section.  Figures  6  and  7 
show  comparisons  of  wind  profile  representations  by  several  methods  using 
the  25  January  1952  profile  for  Patrick  AFB  as  a  test  case.  The  mean 
profiles  computed  for  the  zonal  (Figure  6)  and  meridional  (Figure  7) 
components  are  obviously  inadequate  in  this  case.  The  profiles  computed 
by  the  correlation  method  exhibit  some  improvement.  In  this  method, 
which  was  first  introduced  by  Court  (Reference  2),  the  inter-  and  intra- 
level  linear  coefficients  are  used.  It  should  be  noted  that  the  present 
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example  conatitutea  an  ideal  cate  for  the  correlation  method  because  the 
departure  from  the  mean  value  of  12  km  ataumet  an  extreme,  and  therefore 
the  maximum  achievement  of  the  correlation  method  should  appear.  In 
addition,  it  haa  been  ahofim  (Reference  7)  that  the  correlation  method 
morka  beat  ^en  utilising  a  Imom  wind  velocity  in  the  Jet  stream  layer 
(Table  I). 

The  example  presented  in  Figures  6  and  7  indicates  that  the  correc¬ 
tions  applied  to  the  mean  profile  by  the  correlation  method  reduce  the 
differences  between  the  observed  and  analytical  profiles.  The  mean 
squared  differences  between  mean  profile  and  observed  profile  are 
reduced  to  approximately  one-half  the  amount  in  this  individual  case. 

If  the  characteristics  method  described  above  is  used,  the  differences 
between  observed  and  analytical  profile  are  further  reduced  to  approxi¬ 
mately  10  per  cent  (Table  I).  The  calculations  for  this  example  were 
based  on  only  two  polynomial  terms  and  one  Fourier  term,  so  that  further 
improvement  is  possible,  as  the  potential  of  the  characteristics  method 
is  not  fully  utilised. 

Table  I  shows  that  although  the  example  in  Figures  6  and  7  comprises 
only  a  single  case,  the  results  are  representative  for  even  an  extended 
sample.  Several  cases  were  selected  and  are  described  in  detail  in 
Reference  7.  The  details  may  not  be  repeated  here.  Two  summaries,  mean 
conditions  as  well  as  extreme  conditions,  were  combined.  The  wind  param¬ 
eter  to  be  known  at  a  selected  level  served  as  the  basis  for  the  correla¬ 
tion  method.  Three  levels  were  chosen;  namely,  3  km  near  the  ground, 

12  km  around  the  Jet  stream  layer,  and  20  km  in  the  lower  stratosphere. 
The  figures  of  Table  I  are  not  definitive  insofar  as  to  be  representative 
of  the  month  of  January  for  Patrick  AFB,  but  may  be  used  to  compare  three 
different  methods  under  equal  assumptions  and  unknowns. 

Part  A  of  Table  I  shows  the  mean  squared  difference  between  the 
analytical  and  observed  profile.  This  difference  has  arbitrarily  been 
set  at  100  per  cent  utilizing  the  monthly  mean  of  January.  As  shown  in 
the  table,  the  correlation  method  works  best  using  known  parameters  taken 
from  the  Jet  stream  layer,  with  reduction  of  the  difference  to  67 
per  cent.  By  using  a  known  wind  velocity  in  the  lower  troposphere 
(3  km  level)  only  a  12  per  cent  decrease  is  obtained.  Knowledge  of  the 
wind  velocity  in  the  lower  stratosphere  (20  km)  is  of  little  value. 

Utilization  of  the  wind  velocity  in  the  Jet  stream  layer,  in 
addition  to  its  possible  relationship  with  the  wind  profile,  eliminates 
one  difference  between  the  observed  and  analytical  profile,  which 
represents  a  large  contribution  to  the  mean  squared  difference.  Select^ 
ing  parameters  in  the  lower  troposphere,  this  item  remains  in  the 
summation  and  the  reduction  is  less.  Obviously,  the  relationship  between 
lower  stratospheric  parameters  and  the  troposphere  cannot  be  truly 
reflected  in  the  linear  correlation  because  its  representation  of  mean 
conditions  may  obscure  the  typical  features  of  the  individual  profile. 
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Table  I 


SUMMARY  OF  COMPARISON  BETWEEN  MCKTIHLY  MEAN  PROFILE  (MM) 
CORRELATICm  (CO)  AND  CHARACTERISTICS  (CHA)  METHCH) 

a.  Mean  Square  Difference  (D) 


Level  Selection 

n 

lESI 

CO 

CHA 

NOWI 

3kin 

Mean  square 
difference 

Percentage 

156 

100 

137 

88 

105  (90) 

67  (58) 

693  m/sec~ 

444% 

12km 

Mean  square  . 
difference 

Percentage 

187 

100 

126 

67 

101  (87) 

54  (46) 

788  m/sec' 

420% 

20km 

Mean  square  29 

difference 

Percentage 

152 

100 

149 

98 

106  (98) 

70  (65) 

553  m/sec 

365% 

b. 


Mean  Integral  Difference  Per  Profile  (D^nt) 


Level  Selection 

n 

MM 

CO 

CHA 

NOWI 

3km 

Integral 

difference 

17 

B 

3.1 

2.2 

(1.8) 

11.4  m/sec 

Percentage 

- 

100 

85 

60 

(50) 

308% 

12km 

Integral 

difference 

15 

2.2 

1.6 

(1.5) 

11.5  m/sec 

Percentage 

- 

100 

67 

49 

(45) 

345% 

20km 

Integral 

difference 

29 

fl 

m 

10.5  m/sec 

Percentage 

- 

100 

97 

287% 

NOTE:  The  last  column  indicates  the  difference  by  assumption  of 
no  wind  (NOWI) . 
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This  latter  conclusion  is  further  affirmed  by  applying  the  charac* 
teristics  method.  Not  only  are  all  differences  lower  than  those  obtained 
with  the  correlation  method,  but  a  reduction  of  the  initial  difference 
between  observed  and  mean  profile  is  obtained  whether  parameters  are 
assumed  in  the  lower  troposphere  or  in  the  stratosphere.  These  results 
are  shown  in  the  first  column  of  Table  I  under  CHA.  It  should  be 
emphasised  that  by  grouping  and  utilising  mean  coefficients,  the  observed 
value  is  not  completely  reached  in  the  analytical  profile  at  the  param* 
eter  selection  level,  e.g.  12  km,  although  this  value  would  be  known  by 
observation.  Thus,  the  decrease  to  54  per  cent  in  the  12  km  level 
selection  is  even  more  significant  as  it  does  not  result  from  knowledge 
of  the  wind  velocity  at  that  level. 

The  same  grouping  was  used  for  the  characteristics  methods  as  was 
used  for  the  correlation  method.  Inspection  of  the  coefficients 
revealed,  however,  that  two  or  three  subtypes  of  profiles  were  involved. 
This  recognition  of  heterogeneity  of  the  selected  sample  was  not 
possible  by  the  correlation  method.  Incorporating  this  information 
further  decreased  the  differences  as  shown  in  parentheses  in  the  second 
column  under  CHA. 

Part  A  of  Table  I  presents  the  squared  differences.  Since  it  may 
be  argued  that  the  squared  difference  is  unimportant  and  that  the  integral 
effect  of  the  profile  is  the  essential  component.  Part  B  of  Table  I  has 
been  assembled  to  account  for  the  integral  effect.  This  information  shows 
that  the  same  conclusions  can  be  drawn  for  the  mean  integral  differences 
as  were  obtained  for  the  squared  differences.  Thus  the  application  of  the 
characteristics  method  may  be  advantageous  in  many  problems. 

B.  Profiles  with  Maximum  Sneed  of  an  Altitude  Level 

The  previous  section  stressed  the  consideration  of  the  wind 
profile  and  its  variation  with  height  as  an  entity.  Average  profiles 
generally  do  not  create  problems  in  missile  applications;  difficulties 
arise  when  extreme  conditions  prevail.  Of  particular  interest  are 
profiles  in  which  the  wind  speed  assumes  the  extreme  values  in  the 
frequency  distribution  of  an  altitude  level  (level  extremes)  .  Two  typical 
examples  will  be  discussed. 

Two  profiles  for  Washington,  D.  C.  (Silver  Hill)  are  shown  in 
Figure  8,  one  for  6  January  1957  at  21^  QCI  and  one  for  25  January  at 
0^  GKT.  Both  profiles  have  level  extremes.  On  6  January  the  extreme 
wind  speed  of  the  9  km  level  from  the  period  1956  to  1961  for  the  months 
of  January  appeared.  The  25  January  profile  constitutes  the  case  with 
the  extreme  wind  speed  at  the  10  km  level*  The  two  profiles  demonstrate 
an  important  difference  between  the  vertical  variation.  The  25  January 
speed  profile  from  4  km  through  the  top  of  the  ascent  at  15  km  displays 
values  which  fall  into  the  group  exceeding  the  97.5  per  cent  probability 
threshold  of  the  accumulative  frequency  distribution  of  the  respective 
level.  This  means  that  for  a  sequence  of  levels  the  wind  speed  remains 
extremely  strong  compared  with  the  level  frequency.  This  is  illustrated 
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in  Figure  8  with  the  abscissa  scale  given  in  percentage  of  the  accusmlated 
level  frequency  distribution.  Since  the  values  over  90  per  cent  are  of 
particular  interest,  that  part  of  the  abscissa  between  90  and  100  per  cent 
was  enlarged  in  the  figure. 

The  second  profile  of  6  January  exhibits  a  different  feature.  Only 
within  a  small  altitude  range  around  9  km  does  the  wind  speed  assume 
strong  values  (compared  with  the  level  frequency),  while  for  the  remaining 
part  of  the  profile  the  wind  speed  resembles  average  conditions. 

The  two  profiles  create  two  different  conditions  for  the  wind  shear 
as  demonstrated  in  Figure  9.  This  figure  exhibits  the  1  km  wind  shear 
values  for  the  two  profiles,  and  also  the  vector  wind  shear  for  a 
synthetic  profile  connecting  the  98  per  cent  probability  thresholds  of 
the  accumulated  frequency  distributions  from  level  to  level  (References 
1  and  5).  The  99  per  cent  probability  threshold  for  the  accixmulated 
frequency  distribution  of  1  km  vector  shear  values  (Reference  1)  is  also 
displayed. 

Figure  9  shows  that  the  25  January  profile  follows  closely  the  wind 
shear  of  the  98  per  cent  83mthetic  profile.  The  profile  with  serious 
shear  upon  missile  design  is  the  wind  shear  profile  for  6  January.  This 
profile  reaches  the  99  per  cent  vector  shear  value  of  the  respective 
level  frequency  distribution  around  the  level  of  maximum  wind  speed. 

The  examples  presented  here  indicate  that  for  a  complete  analysis 
both  wind  speed  and  shear  should  be  considered.  For  example,  a  profile 
with  strong  winds  throughout  several  consecutive  layers  may  affect  the 
displacement  considerably,  but  its  influence  upon  stability  and  control 
may  prove  to  be  negligible.  The  drift  effect,  on  the  other  hand,  may  be 
only  of  minor  importance  in  the  second  type  of  profile,  while  the 
existence  of  strong  shear  values  around  the  maximum  wind  of  the  profile 
may  create  serious  difficulties  with  stability  and  control.  This  topic 
is  being  analyzed  further. 

C.  The  Wind  Shear  Parameters 


The  relation  between  wind  shear  and  wind  speed  was  discussed 
briefly  in  the  previous  section.  Instrumentation  for  measuring  wind 
shear  is  still  incomplete.  The  common  instrumentation  of  the  radiosonde 
does  not  permit  the  derivation  of  shear  values  for  all  interval  sizes, 
and  the  frequency  distribution  of  the  wind  shear  parameter  depends  on 
the  scale  of  distance  (Table  II) . 

Mean  Vector  Shear,  Standard  Deviation  and  Extreme  Values  are  given 
in  Table  II  for  four  distance  intervals  and  three  altitude  ranges.  The 
data  are  derived  from  missile  flight  recordings  (angle  of  attack  method 
by  Reisig,  Reference  9)  taken  on  4  February  1960  and  should  be  considered 
aa  preliminary  examples  from  one  ascent.  However,  they  demonstrate  typical 
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Tablt  II 


MEAN  VECTOR  SHEAR,  STANDARD  DEVIATION  AND  EETRBU  VICTOR  SHIAR  FOR  SEVERAL 
SCALE  DISTANCES,  DERIVED  TROK  MI8SILB  FLIGHT  IICORDINOS 
or  4  FEBRUAIT  1960 

(ValuM  RaducAd  to  Udit  JJ 

sac 


0.4  -  1  ka 

1  -  3  km 

mmm 

Dlatanca 

Naan  Vactor  Shaar 

Intarval, 

m 

12 

.011 

.022 

m  m 

24 

.012 

.019 

.023 

48 

.010 

.017 

.019 

96 

.010 

.014 

Standard  Daviation 

12 

.0086 

.033 

.. 

24 

.0068 

.024 

.023 

48 

.0068 

.016 

.017 

96 

m  m 

.006 

.009 

Bxtraaa  Valuaa  (Raducad) 

12 

.033 

.284 

mm 

24 

.030 

.153 

.233 

48 

.027 

.106 

.112 

96 

.023 

.027 

.057 

Bxtrana  Valuaa,  Par  Dlatanca  (m/aac  par  Intarval) 


features  of  the  problem* 
comparison  purposes. 


The  results  are  reduced  to  the  unit  1  for 

sec 


Inspection  of  Table  II  shows  that  the  mean  vector  shear  decreases 
with  increasing  distance  interval  for  the  altitude  ranges  1  to  3  and  3 
to  10  km*  The  values  in  the  0*4  to  1  km  height  range  comprise  a  small 
sample  sise  and  may  be  subjected  to  sampling  errors*  They  could  also 
indicate  the  dominant  frictional  system  in  the  ground  layer. 


The  decrease  of  the  mean  shear  vector  with  increasing  distance 
interval  indicates  that  shear  vectors  should  not  be  presented  in  the  unit 
1  but  rather  in  m/sec  per  scale  interval;  the  interval  from  which  the 
sec 

data  are  derived  should  always  be  given.  The  example  in  Table  II  shows 
that  for  the  altitude  range  1  to  3  km  the  average  vector  shear  would  be 
0.9  m/sec.  Based  on  this  figure »  0.12  m/sec  might  be  assumed  to  be  the 
96  m  12  m 

average  vector  shear  for  the  12  m  interval.  However »  as  can  be  seen  in 
Table  II »  the  average  derived  from  observed  data  is  0.26  m/sec  which  is 

12  m 

double  the  above  postulated  size.  Consequently^  shear  data  compiled  from 
radiosonde  records  computed  from  1  km  intervals  must  be  interpreted  with 
caution.  Not  only  are  the  data  smoothed  by  the  effect,  which  the  balloon 
of  the  radiosonde  creates,  but  also  by  the  diminutive  effect  of  the  scale 
of  distance. 


The  standard  deviation,  like  the  average  vector  shear,  increases 
with  intervals  of  distance.  The  expansion  of  the  standard  deviation, 
however,  is  about  twice  that  of  the  mean  vector  shear.  This  implies  that 
the  extreme  values  approximate  the  same  magnitude  per  interval  distance. 
For  example,  in  the  3  to  10  km  altitude  range,  the  extreme  shear  is 
around  5*5  m/sec  per  interval  whether  related  to  the  24,  48,  or  96  m 
interval.  In  the  0.4  to  1  km  altitude  range  (frictional  ground  layer), 
the  relative  increase  of  the  extremes  is  smaller  than  the  one  for  the 
scale  of  distance.  This  is  shown  in  Table  II  under  reduced  values. 

Thus  the  absolute  extremes  diminish  with  decreasing  scale  of  distance. 

The  contents  of  Table  II  indicate  the  necessity  of  detailed 
investigations  on  the  validity  of  shear  values  compiled  by  utilizing 
ordinary  radiosonde  data  and  of  investigating  the  relation  between  the 
wind  shear  vector  and  the  scale  of  distance  in  the  free  atmosphere. 
Further  results  have  been  presented  in  the  second  Conference  on 
Climatology  (Reference  4) . 

D*  Turbulence  Parameters 


Knowledge  of  turbulence  parameters  in  the  atmosphere  above  ground 
level  is  still  very  limited*  Recordings  gathered  by  instriimentation 
attached  to  airplanes  and  pilot  reports  may  yield  sufficient  information 
for  aviation  problems,  but  this  application  to  missile  problems  seems 
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doubtful*  While  the  airplane  is  concerned  with  disturbances  of  the  nean 
flow  affecting  the  horisontal  movement,  a  missile  is  principally  influ¬ 
enced  by  disturbances  acting  on  the  vertical  motion  of  the  missile  and 
stability* 

Analysis  of  missile  flight  records  is  one  way  to  obtain  some  insight 
into  the  problem*  Investigations  of  turbulent  motion  from  these  missile 
flight  records  are  more  difficult  because  a  constant  stationary  wind 
value  cannot  be  assumed  as  it  can  in  a  time  series  where  the  time  average 
is  postulated  as  the  stationary  part* 

The  wind  profile  varies  with  height  and  a  stationary  wind  profile, 
variable  with  height,  must  be  derived*  Separating  the  missile  flight 
records  into  stationary  and  nonstationary  parts  is  discussed  in 
Reference  3*  Figures  10,  11,  and  12  illustrate  the  separation  for  data 
of  24,  48,  and  96  m  observational  intervals,  respectively.  The  method 
presented  in  Reference  3  has  been  slightly  modified  to  guarantee  smoother 
transition  between  the  Joints  of  the  23-points  sections. 

The  first  profile  on  the  left  side  of  Figures  10  through  12 
represents  the  recorded  profile  (solid  line)  while  the  dotted  line 
indicates  the  mean  profile.  Note  that  24  m  observational  intervals 
range  from  surface  through  10  km,  48  m  intervals  through  30  km,  and 
96  m  intervals  through  50  km.  Thus  the  impression  of  increasing  ampli¬ 
tude  with  interval  distance  is  due  to  increase  of  the  variations  with 
height . 

The  24  m  interval  shows  some  irregular  variations  of  smaller 
amplitude  except  around  2  and  6  km.  Figure  11  (48  m  interval)  shows 
that  the  mean  profile  is  smoother  due  to  the  increase  in  interval 
distance  from  24  to  48  m.  The  instability  at  2  km  is  still  observed;  the 
one  around  6  km  is  missing  and  explained  by  the  fact  that  the  instability 
at  6  km  was  weaker  than  the  2  km  variation.  By  increasing  the  interval 
distance  the  other  fluctuations  assume  the  same  magnitude  and  the 
fluctuation  at  6  km  is  no  longer  observed. 

In  Figure  11  new  important  variations  appear  around  14  km  and 
subsequently  at  high  altitudes.  The  larger  variation  around  14  km, 
located  above  the  layer  of  maximum  wind,  deseirves  special  mention. 
Information  on  the  turbulent  motion  below  the  jet  layer,  which  cannot 
be  observed  in  the  present  example,  is  given  in  Reference  10. 

Figure  12  displays  the  96  m  interval  analysis.  Again,  the  mean 
profile  (stationary  part)  looks  smoother  than  in  the  48  m  interval 
analysis,  but  still  contains  all  the  essential  features  of  the  preceding 
mean  profiles  of  smaller  scale  intervals.  Instability  of  the  area  around 
14  km  can  again  be  identified.  Similar  large  fluctuations  repeat  at 
higher  altitudes. 

The  analysis  presented  contains  peak  amplitudes  around  4  m/sec  for 
the  24  m  interval,  and  8  m/sec  for  the  96  m  interval  analysis.  This 
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seans  to  hm  m  relatively  moderate  lEluctuatlon*  It  should  be  emphasised, 
hovever,  that  the  missile  firing  which  is  analyzed  here  was  not  for  the 
purpose  of  recording  extreme  turbulence  conditions,  but  rather  for  other 
test  purposes.  Thus  it  can  be  assumed  that  only  average  conditions  are 
presented.  In  addition,  Patrick  Air  Force  Base,  where  the  flight 
occurred,  may  have  rather  placid  wind  conditions.  Further,  the  wind 
speed  displayed  here  is  only  one  part  of  the  fluctuation.  Total  varia¬ 
tions,  including  the  wind  direction,  are  presented  later. 

The  increase  of  the  variations  with  height  should  be  considered. 
Although  an  overall  increase  of  the  oscillation  may  be  due  to  the 
instrumentation,  the  sporadic  increase  at  certain  altitude  intervals 
may  be  attributed  to  turbulent  flow  or  instability  of  the  air. 

Figures  10  through  12  constitute  a  first  example  to  demonstrate  the 
fluctuation  of  the  wind  with  height.  The  fluctuation  is  similar  to  the 
well-known  time  variation  of  the  wind  at  the  surface  which  can  be 
observed  for  any  part  of  unsmoothed  wind  recordings.  The  variation 
length,  mixing  length,  and  possible  eddy  size  should  be  further 
investigated . 

III.  CONCLUSIONS 

Four  topics  in  wind  analysis  have  been  discussed;  (1)  the  repre¬ 
sentation  of  the  variation  of  the  wind  profile  with  altitude  as  an  entity, 
(2)  profiles  of  maximum  speed,  (3)  wind  shear,  and  (4)  turbulence. 

The  present  standard  practice  is  to  compose  the  wind  profile  by 
utilizing  values  extracted  from  level  frequency  distributions.  Thus 
the  simultaneous  occurrence  of  the  wind  vector  in  the  vertical  profile 
is  largely  neglected.  The  separation  into  weather  situations  (Figures 
1  and  2)  considers  only  partially  a  simultaneous  occurrence  with  height 
and  indicates  that  this  area  should  be  further  analyzed. 

Description  characteristics  for  wind  profiles  have  been  developed. 

A  system  of  representing  wind  direction  and  speed  by  polynomial  and 
Fourier  coefficients,  respectively,  has  been  discussed  briefly.  An 
application  of  this  method  was  demonstrated  (Table  I)  and  exhibits 
advantages  over  other  existing  methods.  First  climatological  results 
are  given  showing  three  mean  profile  types  for  Washington,  D«  C. 

(Figure  5). 

The  problem  of  analyzing  the  wind  profile  involves  the  study  of 
profiles  with  maximum  wind  speed.  Such  profiles  can  be  expected  to 
have  the  largest  effect  on  missile  stability  and  control.  The  analysis 
showed  that  mainly  two  types  of  maximum  wind  speed  profiles  exist.  In 
the  first  type,  the  profile  assumes  maximum  level  wind  speeds  through 
several  levels.  The  second  type  reaches  the  maximum  level  wind  speed 
for  a  small  altitude  range  of  a  few  levels  only.  However,  the  latter 
type  are  those  in  which  the  wind  shear  parameter  usually  causes  consider¬ 
able  effect  on  stability  and  control. 
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Thm  wind  shear  parameter  is  a  function  of  the  distance  scale* 
Frequency  distributions  of  wind  shear  derived  from  smooth  radiosonde 
records  of  1  km  intervals  do  not  represent  the  true  distribution  for 
smaller  intervals*  The  derivation  of  smaller  scale  shear  values  from 
tabulations  of  larger  scale  intervals  yields  values  that  are  too  small » 
if  no  consideration  is  given  to  the  enlargement  factor*  An  example  is 
given  in  Table  II* 

The  turbulence  parameters  (perturbation  functions  for  stability  and 
control,  eddy  size,  mixing  length,  etc.)  in  the  free  atmosphere  are  only 
slightly  known*  Analysis  of  missile  flight  recordings  has  begun  in 
order  to  provide  some  insight  into  the  problem.  Examples  of  separated 
stationary  and  nonstationary  parts  of  the  profile  are  presented  at  24, 
48,  and  96  m  intervals.  It  appears  that  larger  irregular  fluctuations 
of  the  nature  of  instabilities  or  turbulence  exist  in  limited  layers, 
and  that,  in  general,  the  amplitude  of  the  oscillations  increases  with 
height. 

It  is  obvious  that  this  report  does  not  cover  all  of  the  topics  on 
wind  analysis.  The  purpose  ia  merely  to  outline  certain  topics  of 
research  and  to  present  some  first  results  of  the  investigations. 
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Figure  4.  FREQUENCY  01STRIBUT1(R«  OF  POLYNGHIAL  COEFFICIENTS  BY  THREE 
GROUPS  OF  Ai  (LINEAR  TERM)  FOR  PROFILE  ANALYSIS  2  TO  26  km  AT 
WASHINGTON,  D.  C.  (SILVER  HILL).  PERIOD  OF  RECORD  1955  TO  1959. 
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Figure  5.  HODOGRAPH  SEFRESENTAIION  OW  THREE  PROFILE  TYPES  FOR  HASHIMGTON,  D.  C.  (SILVER  HILL) 


Figure  6.  ZONAL  WIND  CCMPONENT  FOK  PATRICK  AFB  IN  JANUARY  FOR  SEVERAL  PREDICTION  METH(ms 


Flgiure  7 .  MERIDIONAL  WIND  COMPONENT  PROFILES  F(A  HEATHER  SITUATIONS  (AIR  FLOH  BEIHEEN  1500  AMD 
3000  m  IN  16  POINTS  OF  THE  COMPASS)  AT  HASHIN6T0N,  0.  C.  (SILVER  HILL). 
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Figure  9.  HIND  SHEAR  PROFILES  AT  HASHIHGTGN,  D.  C.  (SILVER  HILL)  FROM  PERIOD  JANUARY  1956  TO  1961. 


KILOMETERS 


METERS/SECX)ND 


Figure  10.  SBPAKATION  OF  THE  OBSERVED  PROFILE  INTO  STATlOiARY  AND 
NONSTAIIONARY  PART  FOR  MISSILE  FLIGHT  DATA  OF  4  FEBRUARY  1960, 
24  m  INTERVAL  DISTANCE  OF  THE  OBSERVATIONS. 
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Figure  11.  SEPARATION  OF  THE  OBSERVED  PROFILE  INTO  STATIONARY  AND  NONSTATIONARY  PART  FOR 
MISSILE  FLIGHT  DATA  OF  4  FEBRUARY  1960,  48  m  INTERVAL  DISTANCE  OF  THE  OBSERVATIONS. 
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Figure  12.  SBPARAIION  OF  THS  OBSERVED  PROFILE  INTO  STATIONARY  AND 
NQNSTAIIGNARY  PART  FOR  MISSILE  FLIGHT  DATA  OF  4  FEBRUARY  1960, 
96  m  INTERVAL  DISTANCE  OF  THE  (ASERVATIONS . 


1  April  1963 


Report  No.  RR-TR-63<-7 


APPROVED: 


P. 

Q  Dlrec 


J.  P.  HALLOHES,  JR. 

Director,  Physical  Sciences  Laboratory 


25 


DISTRIBUTION 


Copy 

U.  S.  Army  Missile  Conmend  Distribution  List  A  for  Technical 
Reports  (11  March  1963)  1-98 

Aerometric  Research  Corporation 
Santa  Barbara  Municipal  Airport 

Goleta»  California  99 

North  American  Aviation,  Inc. 

Space  and  Information  Systems  Division 
12214  Lakewood  Blvd. 

Downey,  California 
Attn:  Almin  All 

Dept.  4-595-70  Bldg.  2  100 

Chief  of  Naval  Operations 
Naval  Weather  Service 
Washington  25,  D»  C. 

Attn:  Technical  Requirements  Section  101 

Chief  of  Naval  Operations 

Office  of  the  U.  S.  Naval  Weather  Service 

Washington  25,  D.  C. 

Attn:  Lt.  Co^r.  J.  M  Froslo  102 

Climatic  Center,  USAF 
225  D.  Street  S.  E. 

Washington  25,  D.  C. 

Attn:  Capt.  Gary  Atkinson  103 

Commander 

Air  Force  Ballistic  Missile  Division 
Inglewood,  California 

Attn:  Technical  Library  104 

Director,  Air  Force  Cambridge  Research  Laboratories 


L.  G.  Hanscom  Field 
Bedford,  Massachusetts 

Attn:  Mr.  Norman  Slssenwlne  105 

Mr.  Irving  I.  Grlngorten  106 

Mr.  J.  G.  Keegan  107 

Conmander 

Army  Electronics  Research  and  Development  Activity 
Fort  Huachuca,  Arizona 

Attn:  Technical  Library  108 


26 


DISTRIBUTION  (Continued) 


Copy 

Conmandlng  General 

U*  S.  Amy  Electronics  Conuand 

Fort  Monmouth,  New  Jersey 

Attn;  Dr*  Weickmann  109 

Mr .  Arnold  110 

Comnander 

Naval  Proving  Ground 
Dahlgren,  Virginia 

Attn:  Code  KBF-1  111 

Comnander 

Navy  Weather  Research  Facility 
Naval  Air  Station 

Norfolk  11,  Virginia  112 

Coraaaander 

U*  S.  Naval  Missile  Center 
Point  Mugu,  California 

Attn:  Mr.  N.  R.  Williams  113 

Commanding  General 

White  Sands  Missile  Range,  New  Mexico 

Attn:  SELWS-M,  Mr.  Diamond  114 

Florida  State  University 
Tallahassee,  Florida 

Attn:  Dr.  Baum  115 

Dr.  Gleeson  116 

Ford  Instrument  Company 

31-10  Thomson  Avenue 

Long  Island  City  1,  New  York 

Attn:  Mr.  Samuel  K.  Cabeen  117 

Headquarters 

Air  Weather  Service 

Scott  AFB,  Illinois 

Attn:  Directorate  of  Climatology  118 

Directorate  of  Scientific  Services  119 


27 


DISimUTIOli  (Continued) 


Chief,  Air  Defense  Division 

Office,  Chief  of  Research  and  Development 

Department  of  the  Axtoy 

The  Pentagon,  Room  3E  371 

Washington  25,  D.  C. 

Attn:  Dr.  Lemons 

Mrs.  F.  Whedon 

Headquarters 

U.  S.  Army  Research  and  Engineering  Comnand 

Earth  Science  Division 

Regional  Research  Branch 

Natick,  Massachusetts 

Attn:  Mr.  R.  L.  Pratt 

Raman  Nuclear 

Garden  of  the  Gods  Road 

Colorado  Springs,  Colorado 

Attn:  Lora  Guy  Assistant  Librarian 

Emerson  Electric  Manufacturing  Company 
8100  Florissant  Avenue 
Saint  Louis  36,  Missouri 
Attn:  Mr.  D.  R.  Keller 

General  Mills,  Inc. 

Minneapolis,  Minnesota 
Attn:  Dr.  Belmont 

Laboratories  for  Applied  Sciences 
University  of  Chicago 
Museim  of  Science  and  Industry 
Chicago  37,  Illinois 
Attn:  Document  Control  Center 
Mr.  E.  J.  Bartlett 

Control  Data  Corporation 
Research  Division 
3100  34th  Avenue  South 
Minneapolis  20,  Minnesota 
Attn:  Mr.  Robert  L.  Lillestrand 

Lockheed-California  Company 

Burbank,  California 

Attn:  Dr.  L.  Baer,  Dept.  72  -*  25 


28 


Copy 

120 

121 

122 

123 

124 

125 


126 


127 

128 


DISTRIBUTION  (Contitiued) 

Lockheed  Missile  end  Space  Coiqpany 

Copy 

m 

Sunnyvale,  California 

Attn:  H,  R.  Allison,  Dept.  81  -  73 

129 

U.  S.  Naval  Avionics  Facility 

Applied  Research  Department 

Indianapolis  18,  Indiana 

Attn:  Mr.  Jack  L.  Loser 

130 

Meteorological  Division  TAG 

Fort  Sill,  Oklahoma 

Attn:  Maj.  H.  S.  Finlayson,  Jr. 

131 

Martin  Marietta  Corporation 

P.  0.  Box  1176,  Mail  C-112 

Denver,  Colorado 

Attn:  Mr.  Jerold  M.  Bidwell 

131 

Dr.  George  W.  Reynolds 

132 

North  American  Aviation,  Inc. 

Space  and  Information  Systems  Division 

12214  Lake  wood  Blvd. 

Downey,  California 

Attn:  Mr.  Clyde  D.  Martin 

133 

Massachusetts  Institute  of  Technology 

Cambridge,  Massachusetts 

Attn:  Department  of  Meteorology 

134 

Meteorological  and  Geoastrophysical  Abstracts 

Editorial  Office 

P.  0.  Box  1736 

Washington  13,  D.  C. 

135 

Douglas  Aircraft  Company 

Missile  and  Space  Systems  Division 

1 

■{ 

j 

Department  A2-260 

Santa  Monica,  California 

Attn:  Missile  and  Space  Systems  Library 

136 

1 

National  Aeronautics  and  Space  Administration 

George  C.  Marshall  Space  Flight  Center 

Huntsville,  Alabama 

Attn :  M-AERO-DIR  Director 

137 

M-AERO^G  Mr.  W.  W.  Vaughan 

138,139 

1 

M-ASTR-F  Mr.  H.  H.  Hosenthien 

140 

f 

! 

M-SAT  Dr.  J.  P.  Kuettner 

141 

M-TEST-TS  Mr.  G.  H.  R.  Reisig 

142 

29 

DISTRIBUTION  (Continued) 


National  Aeronautics  and  Space  Administration 
Space  Science  Assistant  Director 
Washington  25,  D.  C. 

Attn:  Dr.  H.  E.  Nevell,  Jr. 

National  Bureau  of  Standards 
Boulder  Laboratories 
Boulder*  Colorado 
Attn:  Library 

I  National  Center  for  Atmospheric  Research 

I  Boulder*  Colorado 

Navy  Representative 

National  Weather  Records  Center 

Arcade  Building 

Asheville,  North  Carolina 

Attn:  Lt.  Comdr.  Harry  0.  Davis 

New  York  University 

New  York  City*  New  York 

Attn:  Department  of  Meteorology 

Pennsylvania  State  University 
University  Park,  Pennsylvania 
Attn:  Department  of  Meteorology 
Dr.  Panofsky 
Dr.  Neuberger 

Rutgers  University 
College  of  Agriculture 
Department  of  Meteorology 
New  Brunswick*  New  Jersey 
Attn:  Dr.  £.  R.  Biel 

Astro  Research  Corporation 
P.  0.  Box  4128 
1330  Cacique 

Santa  Barbara*  California 
Attn:  Dr.  H.  Schuerch 

The  Martin  Company 
Baltimore  3*  Maryland 
Attn:  Engineering  Library 
Mail  JI-398 

The  Martin  Company 
Orlando*  Florida 

Attn:  Mr.  L.  R.  Merritt  (Code  163) 

j 

} 


Copy 


143 


144 

145 


146 

147 

148 

149 

150 

151 

152 


30 


153 


DISTRIBUTION  (Continued) 


The  Trevelere  Insurance  Co. 
Hartford,  Connecticut 
Attn:  Dr.  Thomas  P.  Malone 
Director  of  Research 

University  of  California 
Institute  of  Geophysics 
Los  Angeles,  California 
Attn:  Department  of  Meteorology 

University  of  Chicago 
Chicago,  Illinois 
Attn:  Department  of  Meteorology 
Mr.  Paul  McClain 
Dr.  Tetsuya  Pujlta 

University  of  Washington 

Seattle,  Washington 

Attn:  Department  of  Meteorology 

University  of  Wisconsin 
Madison,  Wisconsin 
Attn:  Dr.  Reid  A.  Bryson 
Dr.  H.  Lettau 
Dr.  W.  Schwerdtfeger 

US  Weather  Bureau 
National  Weather  Records  Center 
Arcade  Building 
Asheville,  North  Carolina 
Attn:  Dr.  Gerald  L.  Barger 

Dr.  Harold  L.  Crutcher 
Technical  Library 

US  Weather  Bureau 
Washington  25,  D.  C. 

Attn:  Extended  Forecast  Section 
Office  of  Climatology 
Dr.  P.  Putnlns 
Office  of  Research 
Technical  Library 

International  Space  Corporation 
P.  0.  Box  395 
Melbourne,  Florida 
Attn:  Dr.  D.  D.  Woodbridge 


Copy 


154 

155 


156 


157 

158 


159 


160 

161 

162 


163 

164 

165 


166,167 

168,169 

170 

171,172 

173,174 


175 


31 


DISTRIBUTION  (Concluded) 


Copy 

The  Boeing  Company 
Applied  Physics  Group 
Ilectronics  Unit 
Ilectro-Dynamics  Staff 
I.  0.  Box  707 
Renton,  Washington 


Attn:  Mr.  Raymond  M.  Wells  I75 

Connandlng  General 

U.  8.  Army  Missile  Command 

Redstone  Arsenal,  Alabama 

Attn:  AMSMI-R  Mr.  McDaniel  I77 

-RF  Director  178 

-R6  Director  I79 

-RGB  180 

-R(DI  181 

-RGC  Mr.  W.  A.  Griffith  182 

-RFSD  Mr.  R.  Dickson  183 

-RGX  184 

-RR 

Mr.  Hallowes  185 

Dr .  Lehnigk  186 

Dr.  Steverdlng  187 

Mrs.  Wheeler  188,189 

-RRA  Dr.  Essenwanger  190-209 

Mr.  H.  P.  Dudel  210 

Mrs.  N.  S.  Billions  211 

Mr.  H.  D.  Bagley  212 

Mr.  0.  R.  Mumford  213 

-RRE  Dr.  H.  Lackner  214 

-RS  Director  215 

-RT  Director  216 

-RTI  Mr.  Collins  217 

-WC  218 

-RE  219 

-RL  220 

-RB  221-225 

-RAP  226 


32 


Anem  fom  149.  1  feb  59 


